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IMAGING ARCHITECTURE FOR REGION 
AND TIME OF INTEREST COLLECTION 

AND DISSEMINATION 

FIELD OF THE INVENTION 

The present invention relates, in general, to collecting and 
disseminating images to multiple users. More speci?cally, the 
present invention relates to a system and method for collect 
ing image data and disseminating image data to multiple 
users, simultaneously and in real time, based on region and 
time of interest (RTI) requests from each user. 

BACKGROUND OF THE INVENTION 

Conventional digital camera collection architectures col 
lect images, one at a time, to satisfy a user requirement. As the 
breadth of user requirements Widens, the camera is designed 
to collect images With various trade-offs. For overhead sur 
veillance systems, the users prefer high-resolution images 
covering a very large ?eld-of-vieW (FOV) at video rates. 
Unfortunately, doWnlink bandWidth is generally limited, 
Which prohibits the camera from capturing and doWnlinking 
very large FOVs at high resolutions and at video rates. The 
camera collection architecture is designed, therefore, to alloW 
FOV, frame rate, and resolution to be traded. The requests by 
the different users are prioritized in order of importance and 
the camera is con?gured to ?rst capture the image data for the 
user With the highest priority. To increase ?exibility a Zoom 
lens may be added that enables the user to trade betWeen 
resolution and FOV. 

If tWo users have different data requirements from the same 
camera at the same time, the camera cannot accommodate 
both users simultaneously. A decision needs to be made as to 
Which user has priority. For example, if one user requires a 
large area imaged at the cost of loWer resolution, While 
another user requires a high resolution at the cost of a smaller 
area, both users cannot be satis?ed simultaneously. In addi 
tion, each user cannot independently control the image col 
lection process, Without impacting the images requested by 
the other user. Increasing both the FOV and resolution creates 
bandWidth, storage and processing problems for both users. 

With advancement in processing poWer, digital imaging 
sensors and storage devices, paying for collecting, storing, 
and processing images is noW signi?cantly cheaper than pay 
ing for individual camera collections and dissemination. For 
example, When televising a sporting event, there are several 
cameras vieWing different locations at different angles. Each 
camera may have a different task (for example: folloW the 
quarterback, folloW the running back). There are also several 
hundred neWspaper photographers collecting still imagery 
that are vieWing different events on the sporting ?eld. Paying 
for all these different camera collections is expensive. 
As the technology of imaging becomes cheaper, a person 

may be replaced With a set of imaging systems that collects 
data at the same resolution over a greater area of vieW. For 
example, a blimp may collect an entire football ?eld at 1/4 inch 
resolution (approximately l7,280x8,640 pixels). A television 
controller may select the HDTV region (l,920xl,080 pixels) 
and time of interest before the signals are broadcast. The 
imagery may also be stored, so that if the television controller 
misses a critical part of a football play, he may go back in time 
and select a neW region of interest for a replay broadcast. 

It is probably cheaper to place multiple sensors or cameras 
in one imaging system, collect data over a large FOV and 
select smaller regions of the FOV for dissemination to an end 
user, as compared to the cost of having several cameramen 
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2 
pointing individual cameras to capture multiple scenes on the 
football ?eld. Similarly, it is cheaper to place multiple cam 
eras in one imaging system for collecting data over a large 
FOV in situations pertaining to security, Where a region of 
interest may be selected based on the occurrence of an event 
(for example: door opening, cash register opening, loud 
noise, bright ?ash, or activation of a panic button). Multiple 
cameras for vieWing a large FOV may also be e?iciently used 
in border security situations, Where regions of interest may be 
identi?ed by motion sensors or IR signatures. Such multiple 
cameras having a large FOV may also be e?iciently used in 
reconnaissance systems that require persistent surveillance of 
a scene. 

The present invention may advantageously be used in all of 
the above described situations. As Will be explained, present 
invention uses compression technology and intelligent band 
Width management Within the camera architecture. This 
alloWs multiple users to simultaneously vieW different image 
data, in real time, at an acceptable doWnlink bandWidth, With 
out impacting image data requested by other users. 

SUMMARY OF THE INVENTION 

To meet this and other needs, and in vieW of its purposes, 
the present invention provides a server for ful?lling region 
and time of interest (RTI) requests for images from multiple 
users. The server includes a receiver for receiving a RTI 
request from a user, a processor for assembling a compressed 
image based on the RTI request, and a transmitter for trans 
mitting the compressed image to the user. The processor is 
con?gured to extract a ?rst portion of the compressed image 
from a local storage device. If the ?rst portion is insuf?cient 
to ful?ll the RTI request, the processor is con?gured to 
request a second portion of the compressed image from 
another server, and combine the ?rst and second portions of 
the compressed image to ful?ll the RTI request from the user. 
The compressed image includes an image compressed by a 
J PEG 2000 compressor, and the server includes a JPEG 2000 
interactive protocol (JPIP) module for communicating With 
the user. 

The RTI request includes at least one region of an image 
having a hierarchical order of resolution and a hierarchical 
order of quality. The processor of the server is con?gured to 
combine the ?rst and second portions of the compressed 
image for including the at least one region With the order of 
resolution and the order of quality. Moreover, the other server 
is con?gured to receive image data from a capture device, and 
provide the image data from the capture device as the second 
portion of compressed data. The other server is (a) directly 
connected to the capture device, (b) con?gured to obtain 
image data directly from the capture device, and (c) con?g 
ured to compress the image data using JPEG 2000 protocol. 

Another embodiment of the present invention is a system 
for ful?lling RTI requests from multiple users. The system 
includes at least tWo separate servers, namely ?rst and second 
servers. The ?rst server is con?gured to communicate With an 
imaging capture device and compress image data. The second 
server is con?gured to communicate With the ?rst server and 
at least one user. A processor is disposed in the second server 
for assembling a compressed image based on an RTI request 
from a user. The processor is con?gured to extract a ?rst 
portion of the compressed image from a local storage device. 
If the ?rst portion is insuf?cient to ful?ll the RTI request, the 
processor is con?gured to request a second portion of the 
compressed image from the ?rst server, and combine the ?rst 
and secondportions of the compressed image to ful?ll the RTI 
request. The processor is con?gured to add a header ?eld to 
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the combined ?rst and second portions of the compressed 
image. The ?rst server is (a) directly connected to the capture 
device, (b) con?gured to obtain image data directly from the 
capture device, and (c) con?gured to compress the image data 
using JPEG 2000 protocol. 

The RTI request may include a geographic location of a 
region of interest, and the processor is con?gured to select at 
least one region of an image corresponding to the geographic 
location of the region of interest. The RTI request may also 
include a request for image data of a moving target, and the 
processor is con?gured to select at least one region of an 
image corresponding to the image data of the moving target. 

Yet another embodiment of the present invention is a 
method for ful?lling RTI requests for images from multiple 
users. The method includes the steps of (a) receiving a RTI 
request from a user; (b) assembling a compressed image 
based on the RTI request; and (c) transmitting the compressed 
image to the user. Step (b) of the present invention includes (i) 
extracting a ?rst portion of the compressed image from a 
storage device, and (ii) requesting a second portion of the 
compressed image from another server, if the ?rst portion is 
insuf?cient to ful?ll the RTI request, and (iii) combining the 
?rst and secondportions of the compressed image to ful?ll the 
RTI request from the user. Step (b) of the present invention 
includes assembling the compressed image in a JPEG 2000 
format, and step (c) includes transmitting the compressed 
image using a JPEG 2000 interactive protocol (J PIP) module 
for communicating With the user. The step of requesting the 
second portion of the compressed image from another server 
includes (i) receiving image data, in the other server, from a 
capture device, (ii) compressing, in the other server, the 
image data from the capture device as the second portion of 
compressed image, and (iii) receiving from the other server 
the second portion of the compressed image. 

It is understood that the foregoing general description and 
the folloWing detailed description are exemplary, but are not 
restrictive, of the invention. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention is best understood from the folloWing 
detailed description When read in connection With the accom 
panying draWing. Included in the draWing are the folloWing 
?gures: 

FIG. 1 is a system for capturing image data, compressing 
the image data and repackaging the compressed image data, 
in order to ful?ll RTI requests from multiple users, in accor 
dance With an embodiment of the present invention; 

FIG. 2 depicts another system for capturing image data, in 
Which a JPIP server collects image data from a capture device, 
and a proxy server extracts stored image data and/ or real-time 
image data from the JPIP server to ful?ll RTI requests from 
multiple users, in accordance With another embodiment of the 
present invention; 

FIG. 3 is a sequential vieW of image data collected at tWo 
frames per second, Where different portions of the collected 
image are requested by three different users, in accordance 
With an embodiment of the present invention; 

FIG. 4 is an example of an image partitioned into 16 dif 
ferent regions or tiles; 

FIG. 5A depicts JPEG 2000 compressed data stored in a 
?le that includes multiple tiles captured at a hierarchical order 
of resolution, and a hierarchical order of quality; 

FIG. 5B depicts another image ?le sent to a user Who 
requested regions at tiles 2, 3, 6 and 7 at a resolution of R2 and 
a quality level of Q8; 
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4 
FIG. 6 is a high level block diagram of a proxy server ful?ll 

RTI requests coming from 3 different users (users 1, 2 and 3); 
FIG. 7A depicts a ?le of compressed image data sent to 

ful?ll the RTI request of user 1 shoWn in FIG. 6; 
FIG. 7B depicts a ?le of compressed image data sent to 

ful?ll the RTI request of user 2 shoWn in FIG. 6; 
FIG. 7C depicts a ?le of compressed image data sent to 

ful?ll the RTI request of user 3 shoWn in FIG. 6; 
FIG. 8A is a method of ful?lling RTI requests of multiple 

users, in accordance With an embodiment of the present 
invention; 

FIG. 8B is an example of tWo RTI requests from tWo 
respective users that request redundant or overlapping 
regions of interest of an image partitioned into 16 different 
regions; 

FIGS. 8C and 8D are, respectively, different combined RTI 
requests formatted by the proxy server of FIG. 1 in order to 
eliminate redundant or overlapping data in the tWo different 
RTIs shoWn in FIG. 8B, in accordance With an embodiment of 
the present invention; 

FIG. 9 is a block diagram of a system including multiple 
local proxy servers communicating betWeen a main proxy 
server and multiple end users, in accordance With another 
embodiment of the present invention; and 

FIGS. 10, 11, 12 and 13 depict exemplary ?les of com 
pressed image data sent to different users When using the 
method shoWn in FIG. 8. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to FIG. 1, there is shoWn collection and dissemi 
nation system 10 including a capture system and a user sys 
tem. The capture system is shoWn generally designated as 11 
and the user system is shoWn generally designated as 13. 
Capture system 11 includes capture module 12, input proces 
sor 14, storage medium 18, J PEG 2000 (J 2K) compressor 16, 
output processor 22 and 12K server 20. User system 13 
includes 12K proxy server 26, output processor 28, storage 
medium 32, separate multiple users 24 and separate multiple 
users 30. Each of these modules is described beloW. 
The capture module 12 may include a single camera, or 

may include multiple cameras mounted on a single platform 
or mounted on multiple platforms. The number of cameras 
may be as feW as 1 camera or as many as 100 cameras. The 

capture module may include cameras having multiple vieW 
ing angles to enable different perspectives of the vieWing 
subject or to enable stereo imaging of the subject. Capture 
module 12 may have an adjustable capturing frequency, for 
example 1 frame per second (FPS), 30 FPS, or 60 FPS. The 
resolution of the images may also change at different collec 
tion frequencies. For example, loW resolution video may be 
achieved at 30 FPS and high resolution images, Which are 
greater than the video resolution, may be achieved at a loWer 
frame rate of 2 FPS. 

Input processor 14 may process the entire data set received 
from capture module 12 or may process portions of the 
received data set based on requests from individual users. 
Whether to process the entire data set or to process a portion 
of the data set is a tradeoff dependent on the number of users 
in system 10. With many users, system 10 may operate more 
e?iciently if the entire data set is processed by input processor 
14. When there are only a feW users, on the other hand, it may 
be more e?icient to process the captured data set based on a 
user demanding a speci?c region of interest (ROI). 

Input processor 14 may perform several tasks. One task 
may include correcting sensor errors, due to platform and 
camera misalignments. The processing may also include reg 
















